The disappearance of bacteria and the coincident accumulation of an agent capable of bringing about this disappearance in serial subcultures are. the characteristics which originally drew the attention of Twort to the phenomenon which later became known under the name of bacteriophagy, or the phenomenon of d'H~relle. From the outset, Twort saw three distinct possibilities in interpreting his observations: He thought that the disappearance of the bacteria might be due to their passage into a subvisible state as a stage in a peculiar life cycle initiated under the conditions of the experiment. He saw as an alternate possibility that the disappearance of bacteria was due to rapid autolysis of the ceils. Finally, he deemed it possible that bacteria underwent disintegration as the result of an acute infectious disease caused by an extraneous, ultramicroscopic virus.
Each one of these tentative explanations found a number of supporters among those subsequently studying the phenomenon. Our investigations, however, have suggested still another explanation of the appearances, namely, that they are due to the rupture of the bacterial cell wall which is unable to withstand the rise in internal pressure caused by the imbibition of water. The fact that the cytoplasm is quickly dissolved in the surrounding medium after the bursting of the bacteria indicates that the intracellular contents have been rendered soluble through some process of digestion prior to the bursting. Granting this to be true, the lysed cultures should show the presence of the products of digestion of the bacterial cytoplasm. Attempts have been made unsuccessfully in the past to find the products of hydrolysis of bacterial protein in lysed cultures. It seems possible that the failure was due to the fact that lysis was 270 BACTERIOPHAGE OF D HERELLE. IX carried out in beef infusion broth--a medium so rich in various proteinsplit products that a small increase caused by the hydrolysis of bacterial protein might have been masked. In our experiments here to be reported the lysis was made to take place in synthetic media, free from organic nitrogen.
EXPERI~[ENTAL.
Media. Chemical Mahods.--Mter a suitable period of growth, all cultures were subjetted to the same treatment. 20 gin. of hydrated barium hydroxide were added to each liter of medium. The volume of the liquid was reduced to 100 cc. by distillation under diminished pressure from a water bath kept at a temperature 1 Frankel, Barber, and Pyle, J. Infect. Dis., 1921, xxiv, 9. between 60 ° and 70°C. At this point the material was tested for ammonia by Nessler's reagent. If ammonia was still present, sufficient 5.0 per cent barium hydroxide solution to give a slight excess of alkali together with 500 cc. of distilled water was added, and the distillation was continued until the Nessler's reagent gave a negative test. The precipitate of barium salts was then removed by filtration, and the precipitate thoroughly washed. The barium remaining in the filtrate and washings was removed by carefully adding dilute sulfuric acid. The reaction was made slightly alkaline to litmus by dilute sodium hydroxide, and again distilled to a volume of 100 cc. The precipitate of barium sulfate was removed by filtration or by centrifuging and then washed. The filtrate and washings were distilled as before and washed into a 50 cc. volumetric flask, to General Procedure.
All cultures used in the experiments, as well as the lytic filtrates employed, were carried through a number of passages on appropriate synthetic media previous to their use in the tests described below.
The first series of tests was made with the idea of determining any difference in the free amino acid content between cultures containing phage and those without phage. In each experiment two flasks of 1 liter each, containing precisely the same medium, were used, and each was inoculated with 1 cc. of an 18 hour culture of bacteria grown in the synthetic medium. To one of the flasks was added 0.5 cc. of phage, also grown on synthetic medium--the phage titer varying between 10 -~ and 10 -9. The other flask served as a control.
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The cultures of/3. coli and B. pestis ca~i~ were incubated for 40 to 48 hours at 37°C., while the thermophilic bacillus was grown for 24 hours at 48°C. After the period of growth the cultures were treated as previously described. Table I gives the results of these experiments. A comparison of Columns 5 and 6 shows that the amount of amino acids in the cultures containing phage is much larger than that in the control cultures.
The direct source of the increase in amino nitrogen in the presence of phage is not immediately apparent. The accumulation of amino nitrogen may be the result of increased hydrolysis of bacterial protein.
It is possible, however, that, owing to a marked diminution in the numbers of live bacteria resulting from active lysis, the utilization of amino nitrogen present in the medium as the result of normal autolysis, is much slower in the flask containing phage than in the control. Such a condition would also lead to the accumulation of amino nitrogen in the flask with phage.
To determine the point thus brought up, the following experiment was performed:
Two flasks, each containing 2 liters of medium, were inoculated with 2 cc. of an 18 hour culture of bacteria and incubated for 18 hours. At this time 1 liter of the culture was removed from each flask for analysis (Table II , Columns 1 to 6), 1 liter of culture being retained in each flask. To one of the flasks 10 cc. of purified (amino nitrogen-free) bacteriophage were added; the other flask received 10 cc. of the same phage inactivated by heat and served as a control. After a further period of 24 hours of incubation at 37°C., the contents of both flasks were analyzed (Table II , Columns 7 to 12).
From a comparison of the data recorded in Table II (Columns 5  and 11 ), it appears that in the absence of bacteriophage, the concentration of amino nitrogen continues to increase on prolonged incubation of cultures. Thus (Column 14), if the effect of phage was merely to bring about destruction of bacteria, the result would have been to lower the rate of accumulation of amino nitrogen. The actual observation (see Table I , Columns 5 and 6, and Table II, Columns 11 and 12) shows, however, that in the presence of active lysis, amino nitrogen accumulates in the culture containing the phage considerably faster than in the control culture (compare Columns 14 and 5). These findings indicate that phage increases the rate of hydrolysis of bacterial protein.
It was thought that this point could be further elucidated by adding quantities of young, living bacteria to test cultures, and determining the effect upon the amino nitrogen content.
2 cc. of an 18 hour culture of B. pesHs cavi~e were added to each of two flasks containing 2 liters of the synthetic medium. In addition, 0.5 ce. phage (titer 10 -8) was added to one of them. After incubation for 18 hours, 1 liter was taken from each and analyzed as before (Table III , Columns 1 to 6). Equal amounts of a heavy suspension of young bacteria in synthetic medium, obtained by centrifuging the organisms from 2 liters of an 18 hour culture, were added to the remaining portions of the test cultures. 6 hours later these cultures were analyzed (Table III , Columns 8 to 13).
By comparing Columns 14 and 7, it is readily seen that after the addition of large numbers of living bacteria, the free amino acid content increases, and the increase is greater in those cultures containing phage. These results strengthen the conclusion drawn from preceding tests, namely, that lysis of bacteria by ph'age is accompanied by hydrolysis of bacterial protein.
CONCLUSIONS.
1. During the process of lysis by bacteriophage, there is an appreciable increase in the amount of free amino acid present in the culture.
2. The increase of free amino acid is due to hydrolysis of bacterial protein.
